Ethnicity has been shown to be associated with micro-and macrovascular complications of diabetes in European and North American populations. We analyzed the contribution of ethnicity to the prevalence of micro-and macrovascular complications in Brazilian subjects with type 2 diabetes attending the national public health system. Data from 1810 subjects with type 2 diabetes (1512 whites and 298 blacks) were analyzed cross-sectionally. The rates of ischemic heart disease, peripheral vascular disease, stroke, distal sensory neuropathy, and diabetic retinopathy were assessed according to self-reported ethnicity using multiple logistic regression models. Compared to whites, black subjects [odds ratio = 1.72 (95%CI = 1.14-2.6)] were more likely to have ischemic heart disease when data were adjusted for age, sex, fasting plasma glucose, HDL cholesterol, hypertension, smoking habit, and serum creatinine. Blacks were also more likely to have end-stage renal disease [3.2 (1.7-6.0)] and proliferative diabetic retinopathy [1.9 (1.1-3.2)] compared to whites when data were adjusted for age, sex, fasting plasma glucose, HDL cholesterol, hypertension, and smoking habit. The rates of peripheral vascular disease, stroke and distal sensory neuropathy did not differ between groups. The higher rates of ischemic heart disease, end-stage renal disease and proliferative diabetic retinopathy in black rather than in white Brazilians were not explained by differences in conventional risk factors. Identifying which aspects of ethnicity confer a higher risk for these complications in black patients is crucial in order to understand why such differences exist and to develop more effective strategies to reduce the onset and progression of these complications.
Introduction
Type 2 diabetes mellitus (DM2) is the main cause of end-stage renal disease (ESRD), blindness and non-traumatic amputations (1) . Additionally, DM2 is considered to be an important cause of ischemic heart disease (IHD) and stroke (1) . The main risk factors involved in the development of these micro-and macrovascular complications are the duration of diabetes, hyperglycemia, hypertension, dyslipidemia, and smoking (2) . Genetic factors also seem to play a role in the predisposition to micro-and macrovascular disease (3, 4) . We have demonstrated that diabetic nephropathy (DN) clusters in some families with DM2 and that relatives of subjects with DN also have a higher prevalence of cardiovascular risk factors (5, 6) . In addition, ethnicity may contribute to the development of these complications (7) .
Although a higher IHD rate has been reported in black patients with DM compared to white patients in some studies (8, 9) , other investigators did not confirm this obser-Vascular complications of diabetes and ethnicity www.bjournal.com.br vation (10) (11) (12) . There are also conflicting data about peripheral vascular disease (PVD) (13) (14) (15) , and most of the data regarding the ethnic distribution of this complication are based on amputation endpoint studies (10, 12, 16) .
Regarding diabetic microangiopathic complications, the incidence of ESRD (10, 12, (17) (18) (19) and the frequency of severe diabetic retinopathy (DR) (20) are higher among black patients with DM2 compared to whites. Two epidemiological studies that investigated which factors are related to distal sensory neuropathy in addition to hyperglycemia did not demonstrate an association between ethnicity and this complication (21, 22) .
Based on the fact that the combination of interventions to control hyperglycemia, dyslipidemia, high blood pressure and smoking cessation significantly reduces the incidence of these complications but does not prevent their development in all subjects (23) , the definition of new risk factors that could potentially be involved in their development is crucial in identifying subjects at risk (1, 2) . In addition, the establishment of an association between ethnicity and diabetic complications in a population other than that of American and European background would be beneficial to our understanding of the contribution of ethnicity as a determinant of diabetic vasculopathy. Thus, the aim of the present study was to compare the prevalence of diabetic micro-and macrovascular complications in Brazilian subjects receiving assistance from the national public health system according to their ethnicity.
Material and Methods

Patients
A total of 1810 patients with DM2 were analyzed from a multicenter study that began recruiting patients in Brazil in 2002. The study was designed to identify factors involved in the development of chronic micro-and macrovascular complications of DM, and included 4 centers at general hospitals in the State of Rio Grande do Sul, Brazil. All patients with DM2 attending the Endocrine Clinics and dialysis units of these hospitals were invited to participate. Inclusion criteria were: DM2 according to World Health Organization (WHO) criteria (age ≥35 years and absence of insulin requirement in the first 5 years after diagnosis). Chronic diabetic complications (DR, DN, and distal sensory neuropathy, DSN) were assessed in the entire sample. Information about macrovascular disease was available for 1177 patients. Ethnicity was classified based on self-reported skin color and recorded as white, black, white-black admixture (mixed) and "other". Mixed subjects (N = 181) were excluded from this analysis because of the limitation of this definition (24) . Subjects with "other" ethnic origins (N = 77) were also excluded because of their small sample size.
Patients underwent a standard clinical and laboratory evaluation as previously described (5) . Briefly, information about age, known DM duration, smoking habits, arterial blood pressure, and anthropometric measurements was collected. Metabolic syndrome was diagnosed according to WHO guidelines, by the presence of DM together with two or more of the following (25) : obesity (body mass index >30 kg/m 2 and/or waist-hip ratio >0.90 for men and >0.85 for women), hypertension (blood pressure ≥140/90 mmHg or use of antihypertensive drugs), dyslipidemia (triglycerides ≥150 mg/dL and/or HDL cholesterol <40 mg/dL for men and <45 mg/dL for women) or increased urinary albumin excretion (UAE; >20 µg/min or >17 mg/L) (26) .
Assessment of diabetic complications
DR was assessed by ophthalmoscopic examination through dilated pupils performed by an ophthalmologist and classified as absent, non-proliferative DR, or proliferative DR. DN was evaluated by UAE measurements. Patients were classified as normo-(UAE <20 µg/min or <17 mg/L), micro-(UAE 20-200 µg/min or 17-174 mg/L), or macroalbuminuric (UAE ≥200 µg/min or >174 mg/L) (26) . UAE values were confirmed by at least two of three measurements made 3 to 6 months apart. Patients with ESRD being treated at dialysis units were also included. DSN was diagnosed by typical symptoms, abnormal Achilles tendon reflexes, vibration test or sensory perception determined with a 10-g Semmes-Weinstein monofilament applied to the hallux of each foot. PVD was diagnosed in the presence of intermittent claudication (WHO Cardiovascular Questionnaire) (6) and/or the absence of posterior tibial pulse and pedial pulse upon clinical examination. Cerebrovascular disease (stroke) was established by a history and/or the presence of compatible findings. IHD was diagnosed by the presence of angina or possible infarct according to the WHO Cardiovascular Questionnaire, and/or in the presence of resting (Minnesota code)/stress ECG test abnormalities, and/or in the presence of perfusion abnormalities (fixed or variable) upon myocardial scintigraphy at rest and after dipyridamole administration (6) . The Ethics Committees of the institutions participating in the study approved the protocol and written informed consent was obtained from all participants.
Laboratory measurements
UAE was measured in a 24-h timed or in a random sterile urine sample by immunoturbidimetry (Microalb, Ames-Bayer, USA; intra-and interassay coefficients of variation: 4.5 and 11.0%, respectively). Glucose levels were determined by the glucose oxidase method, creatinine by the Jaffé reaction, hemoglobin A1c (HbA1c) by ion-exchange HPLC (Merck-Hitachi L-9100 Glycated Hemoglobin Analyzer, Germany; reference range: 4.7-6.0%; certified by the American National Glycohemoglobin Standardization Program, NGSP), and triglycerides and cholesterol levels by enzymatic methods. LDL cholesterol was calculated using the Friedewald equation.
Statistical analysis
Data are reported as mean ± SD, median (range) or absolute numbers and percentages. Continuous data were analyzed by ANOVA and variables with non-normal distribution were log-transformed for analysis. The chi-square test was used for categorical data. Multiple logistic regression analysis was used to assess the effect of ethnicity controlled for possible confounding factors. The inclusion of independent variables was based on clinical relevance and/or statistical association with ethnicity in univariate analyses. A P value (two-sided) <0.05 was considered to be significant.
Results
Patient description
A total of 1810 patients with DM2 were identified (1512 white, 298 black). Complete information about diabetic microvascular complications was available for all patients. Information regarding macrovascular complications was completed for 1177 patients. The main clinical and laboratory characteristics are shown in Table 1 . White patients were older and had a longer known DM duration than black patients. The prevalence of current smokers and hypertension as well as systolic and diastolic blood pressure levels, body mass index, fasting plasma glucose, HbA1c, total and LDL cholesterol levels did not differ between groups. The proportion of subjects on therapy with statins, acetylsalicylic acid and angiotensin-converting enzyme inhibitors did not differ between groups.
Black patients had higher creatinine and HDL cholesterol levels, but a lower waist-hip ratio and lower triglyceride levels than white patients. The prevalence of metabolic syndrome was lower among black patients than among white patients.
Macrovascular disease
A total of 1177 patients were evaluated for macrovascular disease (1037 white, 140 black). Black patients had a higher prevalence of IHD than white patients (44.3 vs 34.8%, P = 0.006; Table 2 ). The prevalence of PVD and stroke did not differ between groups (P > 0.05).
Microvascular disease
ESRD was more frequent among black than white patients (22.9 vs 12.8%, P < 0.001; Table 2 ). The prevalence of less severe forms of DN (micro-and macroalbuminuria) did not differ between whites and blacks (P > 0.05). Proliferative DR was more frequent among blacks than whites (28.4 vs 20.2%, P = 0.004) while the prevalence of non-proliferative DR did not differ between groups (P > 0.05). The prevalence of DSN also did not differ between blacks and whites (34.8 vs 31.7%, P = 0.542). 
Multivariate analysis: adjustments for factors possibly related to micro-and macrovascular complications
The association of IHD, ESRD, and proliferative DR according to ethnicity controlled for sex, age, smoking habits, fasting plasma glucose, HDL cholesterol, and the presence of hypertension in multivariate analysis is shown in Table 3 . Three independent logistic regression models were constructed with IHD, ESRD, and proliferative DR as dependent variables. For IHD, serum creatinine levels were also included in the model. Black patients had a 59% higher prevalence of IHD compared to white patients. Black patients also had a higher frequency of ESRD and proliferative DR. Replacing age with diabetes duration did not affect the results in any of these models (IHD: OR = 
Discussion
The results of this cross-sectional study indicate that the prevalence of IHD, ESRD and proliferative DR is higher in Brazilian black patients with DM2 compared to white patients assisted by the national health system. These findings were still present even after controlling for potential confounders. On the other hand, the prevalence of micro-and macroalbuminuria, as well as non-proliferative DR, PVD, DSN and stroke did not differ between black and white Brazilian diabetic subjects.
Black-white differences in the rate of micro-and macrovascular complications have been observed in some studies (reviewed in Ref. 7) . It has been suggested that part of these black-white differences may be related to a higher prevalence of hypertension among blacks compared to whites (11, 19) . However, in our study, blood pressure levels and the prevalence of hypertension were not different between groups. Furthermore, while adjusting for multiple confounders in multivariate models, the association still held true even after the inclusion of hypertension in the model. Therefore, hypertension could not account for our findings. Age was lower and diabetes duration was shorter in blacks. In fact, we would expect even a greater blackwhite difference in the prevalence of these complications if whites and blacks were of similar age and had a similar duration of diabetes. Other possible factors related to micro-and macrovascular complications of diabetes, such as differences in the levels of HbA1c or the prevalence of obesity, were not different between blacks and whites in the present study. Some studies have shown a lower rate of IHD among blacks with DM2 (10-12). In the Multiple Risk Factor Intervention Trial (MRFIT) (11), the assessment of vascular complications was based on death certificates and these results could be explained in part by differences in death certificate registration between racial/ethnic groups. In two other studies exploring data sets of the Kaiser Permanente Medical Care Program (10) and of the Veterans Affairs Health System (12), differences in the rates of diabetic complications were also found between blacks and whites. Table 3 . Table 3 . Table 3 . Table 3 . Table 3 . Multivariate analysis models for the relationship between ethnicity and ischemic heart disease, end-stage renal disease and proliferative diabetic retinopathy in patients with type 2 diabetes mellitus.
Odds ratio (95%CI)
Ischemic heart disease a White -Black 1.72 (1.14-2.60)* End-stage renal disease b White -Black 3.22 (1.72-6.00)* Proliferative retinopathy b White -Black 1.87 (1.08-3.22)* a Adjusted for age, sex, fasting plasma glucose, HDL cholesterol, hypertension, smoking habits, and serum creatinine. b Adjusted for age, sex, fasting plasma glucose, HDL cholesterol, smoking habits, and hypertension. *P < 0.05 compared to white patients (multiple logistic regression analysis). Table 2 . Table 2 . Table 2 . Table 2 . In both studies, a higher prevalence of microvascular complications and a lower prevalence of IHD were found in blacks than in whites. In contrast to these epidemiological studies, we conducted a cross-sectional study specifically designed to investigate the mechanisms involved in the etiology of diabetic complications. This would decrease the chances of potential errors related to misclassification of complications associated with DM. The prevalence of micro-and macroalbuminuria, elevated serum creatinine levels and ESRD has been reported to be increased in black patients compared to whites (10, 12, (17) (18) (19) (27) (28) (29) (30) . In the present study, the rate of ESRD was significantly higher in black patients, even after controlling for other possible risk factors, confirming previously reported data. However, there was no difference in the prevalence of micro-or macroalbuminuria. A similar pattern was observed for DR, with only the prevalence of proliferative DR being increased among blacks. Moreover, similar findings were obtained in the Veterans Affairs Diabetes Trial (VADT), in which a higher prevalence of the severe forms of DR was detected in a predominantly male population (20) . This suggests that subjects of African ancestry are at higher risk of progression to severe forms of DN and DR, but are not at a higher risk of developing mild forms of these complications. Overestimation of black individuals on dialysis could be a potential confounder. However, about 80% of the ESRD patients had started dialysis only recently, a fact that would decrease the chance of survival bias. An alternative explanation could be that ethnicity does not lead to the development of incipient DN (microalbuminuria) or mild forms of DR, but once these conditions are installed, subjects of African descent would be more susceptible to the progression of these complications to advanced stages, independently of factors such as blood pressure, hyperglycemia or dyslipidemia.
A major concern to be addressed is the definition of ethnicity. In the present study, self-reported skin color was used as a surrogate of the racial/ethnic group definition. In a study conducted at our institution, there was an excellent rate of agreement between self-reported ethnicity and that determined by a trained observer, differentiating black and white subjects (24) . The use of genetic markers to identify ethnic groups might improve this distinction. Nevertheless, using an ancestrality index based on these genetic markers, one study showed that subjects from southern Brazil classified as white based on skin color had an index similar to that of white subjects from Portugal (31) . There was no significant overlap of the ancestrality index of white Brazilians and of individuals from São Tomé Island, that represents the African origin of the Brazilian population (31) . On the other hand, another study of the same group, where molecular tools of Y-chromosome and mitochondrial DNA analysis were used, has suggested a much higher level of genetic admixture than had previously been thought to exist between whites and blacks in Brazil (Pena SD, personal communication, http://sbbq.iq.usp.br/arquivos/2008/ cdlivro/palestras/CF01_PenaSDJ.pdf).
There are potential limitations to our study that should be noted. First, we were not able to assess whether differences in diet, social background or education between whites and blacks are responsible for our findings. Additionally, differences in health care access provided to black subjects in Europe and the United States have been proposed as important determinants of the differences in the rates of PVD found between white and black subjects (13) . However, we would not expect major socioeconomic or differences in assistance provided to white and black patients since all subjects were attending the same health system. In fact, we have shown that there is no difference in the proportion of white and black subjects on treatment with antidiabetic medications, statins, acetylsalicylic acid and angiotensin-converting enzyme inhibitors. Even if these factors were involved in the disparities found in the rates of micro-and macrovascular complications between whites and blacks, this information would help clinicians in deciding to decrease or increase their surveillance of these complications while assisting their patients. Second, the cross-sectional study design makes it difficult to infer causality between ethnicity and diabetic complications. Thus, while showing disparities in the rates of macro-and microvascular complications according to ethnicity, our results do not address which elements of ethnicity confer a greater risk of these complications to black patients.
